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, 1 , Korobeinikov
.
Nowak-Bangham [8] . $x$ , $y$ , $v$
.
$\frac{dx}{dt}=\lambda-dx-\beta vx$ , $\frac{dy}{dt}=\beta vx-ay$ , $\frac{dv}{dt}=ary-bv$ . (1)
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$R_{0}=\lambda r/(bd)$ . Ro $>1$ $(x, y, v)$ .
$V(x, y, v)=x-x \log x+y-x\log y+\frac{1}{r}(v-v\log v)$ .
.
$V$ 7 , (Korobeinikov [6]).
Nowak-Bangham [8] . $z$
.
$\frac{dx}{dt}=\lambda-dx-\beta vx$ , $\frac{dy}{dt}=\beta vx-ay-pyz$
(2)
$\frac{dv}{dt}=ary-bv$ , $\frac{dz}{dt}=qyz-ez$ ,
$R0=(\beta\lambda r)/(bd)$ . $R0>1+(eb\beta)/(dq)$ $(\hat{x},\hat{y},\hat{v},\hat{z})$ .
$V$ .
$V(x,y, v,z)=(x- \hat{x}\log x)+(y-\hat{y}\log y)+\frac{1+p\hat{z}/a}{r}(v-\hat{v}\log v)+\frac{p}{q}(z-\hat{z}\log z)$
$V$ ,
(Pang et al. [9]).
, Nowak-Bangham (Anderson et al.[l],
Murase et $al.[7])$ .
$\frac{dx}{dt}=\lambda-dx-\beta vx$ , $\frac{dy}{dt}=\beta vx-ay$ ,
(3)
$\frac{dv}{dt}=ary-bv-pvz$ , $\frac{dz}{dt}=qvz-ez$ .
$R0=\beta\lambda r(bd)>1+ar\beta e/(bdq)$ $(\hat{x},\hat{y},\hat{v},\hat{z})$ . $V$
.
$V(x,y,v, z)=(x- \hat{x}\log x)+(y-\hat{y}\log y)+\frac{1}{r}(v-\hat{v}\log v)+\frac{p}{rq}(z-\hat{z}\log z)$ ,
, (Pang et al. [9]).
, 1 .
, .
. $u$ , $u=1$
.
$\frac{dx}{dt}=\lambda-dx-\beta xv$ , $\frac{dy}{dt}=\beta xv-ay$,
(4)
$\frac{dv}{dt}=ary-bv-u\beta xv-pvz$ , $\frac{dz}{dt}=qvz-dz$ .
$R_{\mathfrak{l}}0=(\beta\lambda(r-u))/(bd)>1+(eb\beta)/(dq)$ $(\hat{x},\hat{y},\hat{v},\hat{z})$ . $V$
.
$V(x,$ $y,$ $v,$ $z)=(r-u)(x-\hat{x}\log x)+r(y-\hat{y}\log y)+(v-\hat{v}\log v)+(p/q)(z-\hat{z}\log z)$
85
$r>u(1+\beta\hat{v}/d)$ $V$ , (Kajiwara-Sasaki
[5] $)$ . , ,
.
.
$\frac{dx}{dt}=\lambda-dx-\beta xv$ , $\frac{dy}{dt}=\beta xv-ay-pyz$ ,
(5)
$\frac{dv}{dt}=ary-bv-u\beta vx$ , $\frac{dz}{dt}=qyz-ez$ ,
$=(\beta\lambda(r-u))/(bd)>1+(eb\beta)/(dq)$ $(\hat{x},\hat{y},\hat{v},\hat{z})$ . $V$
.









$\frac{dx}{dt}=\lambda-dx-\sum_{i=1}^{n}\beta_{i}xv_{i}$, $\frac{dy_{i}}{dt}=\beta_{i}xv_{i}-a_{n}y_{i}$ , $\frac{dv_{i}}{dt}=a_{i}r_{n}y_{i}$ –bivi, $(i=1, \ldots, n)$ (6)
$v_{i}$
$i$ , . $i$
$R_{0}^{i}=\lambda\beta;r_{i}/(b_{i}d)$ . $R_{0}^{1}>R_{0}^{2}>\cdots>R_{0}^{n}$ , $R_{0}^{1}>1$ . V
.
$V=x-x \log x+y1-y_{1}\log y_{1}+\frac{1}{r}(v_{1}-v_{1}\log v_{1})+\sum_{1=2}^{n}(y_{i}+\frac{1}{r}v_{i})$
$V$ , $(x, y_{1}, v_{1},0, \ldots, 0)$ , 1
. , . ,





(lytic) , Iwasa et al.[4] .
$\frac{dx}{dt}=\lambda-dx-\sum_{i=1}^{n}\beta_{t}xy_{i}$, $\frac{dy_{i}}{dt}=(\beta_{i}x-a_{i}-p_{i^{Z}i})y\iota$ , $\frac{dz_{i}}{dt}=c_{i}y_{i}-b_{i}z_{i}$ , $(i=1, \ldots, n)$
$y_{i}$
$i$ , $z_{i}$ $i$ .
.
Iwasa et al.[4] . $a_{1}/\beta_{1}<a_{2}/\beta_{2}<\cdots<a_{n}/\beta_{n}$ .
$a_{1}/\beta_{1}<\cdots<a_{k}/\beta_{k}<x$ $<a_{k+1}/\beta_{k+1}<\cdots<a_{n}/\beta_{n}$
$y_{1}>0,$
$\ldots,$ $y_{k}>0,$ $y_{k+1}=0,$ $\ldots,$ $y_{n}=0$
$z_{1}>0,$ $\ldots,$ $z_{k}>0,$ $z_{k+1}=0,$ $\ldots,$ $z_{n}=0$
$(x, y_{1}, \ldots, y_{n}, z_{1}, \ldots, z_{n})$ .
, .
$V$ .
$V=x-x \log x+\sum_{i=1}^{j}(y_{i}-y_{i}\log y_{i})+\sum_{i=j+1}^{n}y_{i}+\sum_{i=1}^{j}\frac{p_{i}}{c_{i}}(z_{i}-z_{i})^{2}$
, $V$ , $(X, y_{1}, \ldots , y_{n}, z_{1}, \ldots , z_{n})$ (Iwasa et al.
[4] $)$ .
,
(Iwasa et $al.[4]$ ).
$\langle$ , Iwasa $al.[4]$ , (non-lytic)
.






$\frac{dx}{dt}=\lambda-dx-\sum_{i=1}^{n}\beta_{i}xv_{i}$ , $\frac{dy_{i}}{dt}=\beta_{i}xv_{i}$ –aiyi,




$\hat{y}_{i},\hat{v}_{i},\hat{z}_{1}>0$ $(i=1,2, \ldots,j)$ , $\hat{y}_{i},\hat{v}_{i},\hat{z}_{1}=0$ $(i=j+1, \ldots, n)$
$\hat{x}=(\hat{x},\hat{y}_{1}, \cdots,\hat{y}_{n},\hat{v}_{1}, \cdots,\hat{v}_{n},\hat{z}_{1}, \cdots, z_{n}^{\wedge})$ .
, $V$ ,
(Inoue et al.[3]). ,
.
,








$R_{0}^{1} \geq\cdots\geq l*>\frac{\lambda}{d\hat{x}}>R_{0^{j+1}}\geq\cdots\geq R_{0}^{n}$
$\hat{y}_{1},\hat{v}_{\mathfrak{i}},\hat{z}_{i}>0$ $(i=1,2, \ldots , j)$ , $\hat{y}_{1},\hat{v}_{i\hat{*}}=0$ $(i=j+1, \ldots , n)$
$\hat{x}=(\hat{x},\hat{y}_{1}, \cdots, y_{n}\wedge,\hat{v}_{1}, \cdots, v_{n}^{\wedge},\hat{z}_{1}, \cdots,\hat{z}_{n})$ .
$V(x,y_{1}, \ldots,y_{n}, v_{1}, \ldots, v_{n}, z_{1}, \ldots, z_{n})$
$=x- \hat{x}\log x+\sum_{i=1}^{j}(\frac{r_{j}}{r_{i}-u}(y:-\hat{y}.\log y_{i})+\frac{1}{r\dot{.}-}$
%
$(v_{i}- \hat{v}.\cdot\log v_{i})+\frac{q}{p_{i}(r_{i}-u_{i})}(z_{i}-\hat{z}_{i}\log z_{i}))$
$+ \sum_{t=j+1}^{n}\frac{r_{j}}{r_{i}-u_{1}}y\iota+\frac{1}{r_{i}-u_{i}}v_{i}+\frac{q_{i}}{p_{j}(r_{i}-*)}z_{i}$
.
$d> \sum_{1=1}^{j}$ % $\beta$iv










Iwasa et $al.[4]$ , lytic non-lytic $n$
, ,
. , non-lytic , .
, $n$ , Inoue et al. [3] Kajiwara-
Sasaki [5] . ,
. , ,
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